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CLAIMS 



[Claim(s)] 

[Claim 1] The chlorination section which it is [ section ] equipment which 
manufactures metal powder by returning a metal chloride, fills [ section ] up with a 
metal raw material, contacts chlorine gas in this metal raw material, and generates 
metal chloride gas continuously, The reaction section which the metal chloride gas 
which occurred in this chlorination section is supplied, is made to cause the 
gaseous-phase chemical reaction by this metal chloride gas and reducing gas, and 
obtains metal powder, The manufacturing installation of the metal powder 
characterized by providing the metal chloride gas supply line which supplies said metal 
chloride gas which said chlorination section was penetrated, end opening attended 

* * 

said reaction section, and the metal chloride gas inlet was established in the extension 
part of chlorination circles, and was introduced from this inlet to said reaction section. 
[Claim 2] The manufacturing installation of the metal powder according to claim 1 
characterized by for said chlorination section adjoining said reaction section, and 
arranging it. 

[Claim 3] The manufacturing installation of the metal powder according to claim 1 or 2 
characterized by forming the negative pressure generating means for attracting said 
metal chloride gas in the supply pipe concerned from said metal chloride gas inlet in 
said metal chloride gas supply line. 

[Claim 4] The manufacturing installation of the metal powder according to claim 3 
characterized by enabling adjustment of the magnitude of the negative pressure 
generated with said negative pressure generating means. 

[Claim 5] The manufacturing installation of the metal powder according to claim 1 to 4 
characterized by supplying said metal chloride gas introduced into said metal chloride 
gas supply line to said reaction section with the carrier gas which circulated the metal 
chloride gas supply line. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacturing installation of 
metal powder, and in manufacturing metal superfines, such as a jointing material for 
corrugated fibreboard of a conductive paste filler and Ti material specifically used for 
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electronic parts etc., and nickel, Cu, Ag which were further suitable for various 

applications, such as a catalyst, it relates to suitable equipment. 

[0002] 

[Description of the Prior Art] Also in Above nickel, Cu, and Ag, since it is cheap 
compared with the conventional Pd powder, the powder of nickel (the following, nickel, 
and publication) especially attracts attention as an object for internal electrode 
formation of a stacked type ceramic condenser. Since the manufacture process is 
simple compared with a wet method, the nickel powder manufactured by the dry 
process by the hydrogen reduction of a metal chloride etc. especially is fit for mass 
production method. Nickel superfines with a particle size of 0.5 micrometers or less 
are demanded not to mention the particle size of 1 micrometer or less also in such 
nickel powder from the demand of lamination, the reduction in resistance of the 
internal electrode accompanying the miniaturization of a stacked type ceramic 
condenser, and large-capacity-izing, etc. 

[0003] By heating a nickel chloride and evaporating it in an evaporator, as 
conventional equipment which manufactures the above nickel superfines, nickel 
chloride gas is generated, this nickel chloride gas is transported to the reaction 
section made into a hydrogen gas (reducing gas) ambient atmosphere through 
migration tubing, and there is a thing which makes a gaseous-phase chemical reaction 
cause with nickel chloride gas and hydrogen gas, and makes nickel superfines 
generate. 

[0004] 

[Problem(s) to be Solved by the Invention] In the above-mentioned conventional 
manufacturing installation, while being transported to the reaction section through 
migration tubing from the evaporator, the heat loss that the temperature of nickel 
chloride gas fell arose, and for this reason, there was a possibility that nickel chloride 
gas might be cooled and a nickel chloride might deposit in migration tubing. Then, if a 
heating means was established, while consumption energy would increase, 
complication and enlargement of equipment were to be caused, although heating 
migration tubing is performed in order to solve this problem. 

[0005] Moreover, since the nickel chloride is used as the start raw material, it is 
essentially difficult to generate nickel chloride gas stably, and the partial pressure of 
nickel chloride gas is changed and the particle size of the metal powder to generate is 
not stabilized. In addition, since the nickel chloride has water of crystallization, 
dehydration processing is required before use, and when the dehydration is 
insufficient, the oxygen density in the metal powder to generate goes up. 
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[0006] The manufacturing installation of the metal powder of this invention is made in 
view of the above-mentioned situation, and aims at the following. 

1. Reduce the energy which suppresses the heat loss of the metal chloride gas under 
migration, and heating takes. 

2. Attain the simplification and miniaturization of equipment 

3. Particle-size control becomes easy and highly precise, and it is stabilized and 
obtain the metal powder of the narrow high quality of particle size distribution. 
[0007] 

[Means for Solving the Problem] The chlorination section which the manufacturing 
installation of the metal powder of this invention is [ section ] equipment which 
manufactures metal powder by returning a metal chloride, and it fills [ section ] up 
with a metal raw material, contacts chlorine gas in this metal raw material, and 
generates metal chloride gas continuously, The reaction section which the metal 
chloride gas which occurred in this chlorination section is supplied, is made to cause 
the gaseous-phase chemical reaction by this metal chloride gas and reducing gas, and 
obtains metal powder, The chlorination section is penetrated, end opening attends the 
reaction section, and a metal chloride gas inlet is established in the extension part of 
chlorination circles, and it is characterized by providing the metal chloride gas supply 
line which supplies the metal chloride gas introduced from this inlet to the reaction 
section. 

[0008] According to the above-mentioned configuration, the metal chloride gas which 
occurred in the chlorination section is introduced within metal chloride gas supply 
from a metal chloride gas inlet, and is supplied to the reaction section through the 
inside of this supply pipe. And reducing gas is contacted in the reaction section, a 
gaseous-phase chemical reaction is caused, and metal powder generates. In this 
invention, carrier gas can be introduced into a metal chloride gas supply line, and the 
operation gestalt which supplies metal chloride gas to the reaction section with this 
carrier gas can be adopted. 

[0009] According to this invention, since the metal chloride gas supply line has 
penetrated the chlorination section, the metal chloride gas passing through the 
interior is heated by the chlorination section, and is supplied to the reaction section 
as it is. Therefore, a deposit of the nickel chloride within metal chloride gas supply is 
prevented first Moreover, since a heat loss does not need to arise and heat in the 
metal chloride gas under migration to the reaction section, consumption energy 
decreases. Furthermore, the simplification and miniaturization of equipment can be 
attained. 
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[0010] Moreover, a metal raw material can be made to fixecHze the yield of the metal 
chloride gas in the chlorination section with the amount of supply of the chlorine gas 
at the time of contacting chlorine gas. Therefore, the particle size of the metal powder 
which control of the partial pressure of the metal chloride gas in the amount of supply 
and the reaction section of metal chloride gas to the reaction section becomes easy 
and highly precise, as a result is generated in the reaction section is exactly 
controllable. Consequently, small, particle size is stabilized and can obtain the metal 
powder of the narrow high quality of particle size distribution. 

[001 1] In this invention, it is making to adjoin the reaction section and to arrange the 
chlorination section into the desirable gestalt. By this configuration, the migration 
distance of a metal chloride gas supply line, i.e., metal chloride gas, becomes shorter, 
and effectiveness, such as reduction of the consumption energy mentioned above, 
simplification of equipment, and a miniaturization, promotes further. 
[0012] Moreover, in this invention, it is making to form the negative pressure 
generating means for attracting metal chloride gas in the supply pipe concerned from 
a metal chloride gas inlet in a metal chloride gas supply line into the desirable gestalt. 
The venturi tube device in which raise a gas flow rate, for example and negative 
pressure is generated as a negative pressure generating means etc. is mentioned. 
[0013] According to this configuration, when circulating carrier gas, for example to a 
metal chloride gas supply line as mentioned above, carrier gas and metal chloride gas 
can be mixed well, and a uniform dilution condition can be acquired. 
[0014] Moreover, the dilution ratio of the metal chloride gas by the amount of 
installation and carrier gas of metal chloride gas to a metal chloride gas supply line 
becomes settled with the magnitude of negative pressure, when the yield of metal 
chloride gas and the flow rate of carrier gas are set constant. Therefore, the partial 
pressure of the metal chloride gas in the amount of supply and the reaction section of 
metal chloride gas to the reaction section can be more exactly controlled by using 
magnitude of this negative pressure as a controlling factor. It is still more desirable 
when the gestalt whose adjustment of the magnitude of the negative pressure 
generated with a negative pressure generating means was enabled is taken from a 
viewpoint which can perform such control to a precision more. 

[0015] Now, the metal powder which may be manufactured by the manufacturing 
installation of the metal powder of this invention is Cu, Ag, etc. besides the 
above-mentioned nickel, and these powder fits various applications, such as a jointing 
material for corrugated fibreboard of a conductive paste filler and Ti material, and also 
a catalyst. Also in these, especially this invention is suitable for manufacture of nickel 
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superfines. 

[0016] As carrier gas which circulates a metal chloride gas supply line, although inert 
gas, such as argon gas and nitrogen gas, is used suitably, reducing gas may be mixed 
into this carrier gas, and reducing gas can also be further used as carrier gas. 
Moreover, as reducing gas, although reducing gas, such as hydrogen gas and 
hydrogen-sulfide gas, can be used, if the effect on the generated metal powder is 
taken into consideration, hydrogen gas is suitable. 
[0017] 

[Embodiment of the Invention] Hereafter, 1 operation gestalt of this invention is 
explained with reference to a drawing. 

[1] The block diagram 1 of a manufacturing installation shows the manufacturing 
installation of the metal powder concerning 1 operation gestalt. This equipment makes 
the subject the cylindeHike vertical mold reducing furnace 1, and the inside of a 
reducing furnace 1 is divided into upper chlorination room (chlorination section) 1A 
and lower reaction chamber (reaction section) 1 B by the partition 2. Chlorination room 
1A and reaction chamber 1B are heated by predetermined temperature, respectively 
with the heating means 3A and 3B arranged around a reducing furnace 1. Reducing gas 
supply pipe 4a which supplies reducing gas to reaction chamber 1 B is connected to 
the upper part of the furnace wall which constitutes reaction chamber 1 B. Moreover, 
recovery tubing 4b which collects the generated metal powder is prepared in the lower 
limit section of reaction chamber 1 B. 

[0018] The metal chloride gas supply line (it is only hereafter called a supply pipe for 
short) 5 for supplying the metal chloride gas which occurred in chlorination room 1A to 
reaction chamber 1B is arranged in the upper part of a reducing furnace 1. This supply 
pipe 5 penetrated chlorination room 1A from the crowning of a reducing furnace 1 
almost along with the axial center of a reducing furnace 1, and was prolonged to 
reaction chamber 1B, and that lower limit opening has faced it the upper part of 
reaction chamber 1 B. The bulb 6 which carrier gas may be passed from the outside of 
a reducing furnace 1 , and adjusts or intercepts the flow rate of the carrier gas to a 
supply pipe 5 is formed in the supply pipe 5. Moreover, the lower limit section of a 
supply pipe 5 is constituted as nozzle 5a which spouts carrier gas to reaction chamber 
1B. Furthermore, into the extension part to the steamy layer with which the metal 
chloride gas in chlorination room 1 A of a supply pipe 5 is filled, the metal chloride gas 
inlet (it is only hereafter called an inlet for short) 7 sets regular intervals, and is 
vacated for the hoop direction. 

[0019] At the pars basilaris ossis occipitalis of chlorination room 1 A, it estranges with 
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partition 2, the perforated plate 8 is horizontally stretched, and a metal raw material is 
made to deposit on this perforated plate 8. The quality of the material with which a 
perforated plate 8 is not invaded by chlorine gas is chosen, for example, the product 
made from a ceramic is used preferably. The chlorine gas supply line 9 which supplies 
chlorine gas to the space between partition 2 and a perforated plate 8 is connected to 
the pars basilaris ossis occipitalis of the furnace wall which constitutes chlorination 
room 1A. 

[0020] [2] Explain the example which manufactures nickel superfines by the example 
of manufacture following ** of nickel superfines using the manufacturing installation of 
the above-mentioned metal powder. Solid-state-like metal nickel (metal raw material) 
is made first to throw in and deposit on the perforated plate 8 of chlorination room 1A. 
Although especially the gestalt of metal nickel is not asked, from contacting efficiency 
or a viewpoint of pressure loss rise prevention, a grain with a particle size of 5-20mm 
or massive, tabular, etc. are desirable, and 99.5% or more is desirable in general about 
the purity. Subsequently, while heating chlorination room 1A by heating means 3A, 
chlorine gas is supplied to chlorination room 1A from the chlorine gas supply line 9. 
Chlorine gas is changed into nickel chloride gas (metal chloride gas) when chlorine gas 
contacts metal nickel. 

[0021] Whenever [ stoving temperature / of chlorination room 1 A ] is made into 800 
degrees C or more in order to advance the reaction of chlorine gas and metal nickel 
enough, and it is made into 1483 degrees C or less which is the melting point of nickel. 
When the endurance and the reaction rate of a reducing furnace 1 are taken into 
consideration, the range of 900-1100 degrees C is desirable practical. Moreover, the 
layer quantity and consistency of metal nickel on a perforated plate 8 are suitably set 
as the range in which conversion in nickel chloride gas is fully performed based on the 
configuration of operation time and metal nickel etc. whenever [ speed-of-supply / of 
chlorine gas /, and stoving temperature / of chlorination room 1 A ]. 
[0022] As mentioned above, in chlorination room 1A, nickel chloride gas generates 
continuously. On the other hand, reaction chamber 1B is heated to predetermined 
reduced temperature by heating means 3B, further, while passing inert gas (argon gas 
and nitrogen gas) to a supply pipe 5 as carrier gas and supplying reaction chamber 1 B, 
the hydrogen gas which is reducing gas is poured to reducing gas supply pipe 4a, and 
reaction chamber 1B is supplied. 900-1100 degrees C of reduced temperature are in 
general desirable. 

[0023] Now, the nickel chloride gas generated by chlorination room 1 A is introduced in 
the condition of being drawn in in a supply pipe 5 from an inlet 7. It mixes with carrier 
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gas and the regurgitation of the nickel chloride gas by which suction installation was 
carried out at the supply pipe 5 is carried out to reaction chamber 1 B from nozzle 5a. 
In reaction chamber 1B, the nickel chloride gas diluted with carrier gas contacts 
hydrogen gas, and nickel superfines generate a gaseous-phase chemical reaction by 
the lifting and this. 

[0024] It is cooled in the lower part of reaction chamber 1 B with the hydrochloric acid 
gas which carried out the byproduction by inert gas or the gaseous-phase chemical 
reaction, and, subsequently the generated nickel superfines are collected from 
recovery tubing 4b. And separation recovery is carried out from mixed gas, and it is 
washed further and considers as a product. 

[0025] According to this operation gestalt, since the supply pipe 5 has penetrated 
chlorination room 1A, the nickel chloride gas passing through the inside of a supply 
pipe 5 is heated by chlorination room 1A, and is supplied to reaction chamber 1B as it 
is. Therefore, a deposit of the nickel chloride within a supply pipe 5 is prevented first. 
Moreover, since a heat loss does not arise in the nickel chloride gas under migration 
to reaction chamber 1B and it is not necessary to heat nickel chloride gas separately, 
consumption energy decreases. Furthermore, since a supply pipe 5 penetrates 
chlorination room 1A, and chlorination room 1A adjoins reaction chamber 1B and is 
arranged, the migration distance of a supply pipe 5, i.e., nickel chloride gas, is short, 
consequently can attain reduction of consumption energy, the simplification of 
equipment, and a miniaturization. 

[0026] Moreover, a metal raw material can be made to fixed-ize the yield of the nickel 
chloride gas in chlorination room 1A with the amount of supply of the chlorine gas at 
the time of contacting chlorine gas. Therefore, the particle size of the nickel 
superfines which control of the amount of supply of the nickel chloride gas to reaction 
chamber 1B and the partial pressure of the nickel chloride gas in reaction chamber 1B 
becomes easy and highly precise, as a result are generated by reaction chamber 1B is 
exactly controllable. Consequently, small, particle size is stabilized and can obtain the 
nickel superfines of the narrow high quality of particle size distribution. 
[0027] In addition, with the above-mentioned operation gestalt, although inert gas is 
used as carrier gas, into carrier gas, reducing gas (the above-mentioned example 
hydrogen gas) and chlorine gas may be mixed, and reducing gas can also be further 
used as carrier gas. Moreover, carrier gas cannot be circulated to a supply pipe 5, and 
the operation gestalt which does not dilute the nickel chloride gas which occurred in 
chlorination room 1 A, but is supplied to reaction chamber 1B as it is can also be taken. 
In this case, it considers as the condition of having closed the bulb 6, and nickel 



7 



JP2000-345217 A 

» 

chloride gas is introduced by the internal pressure rise of chlorination room 1A in a 
supply pipe 5 from an inlet 7. The amount of supply to reaction chamber 1 B of nickel 
chloride gas is adjusted by the amount of supply of the chlorine gas to chlorination 
room 1A. 

[0028] [3] Negative pressure generating means (venturi tube device) 
By the way, in this invention, the negative pressure generating means for attracting 
metal chloride gas (the above-mentioned example nickel chloride gas) from an inlet 7 
in the supply pipe 5 concerned to the above-mentioned supply pipe 5 can be 
established. The venturi tube device in which raise a gas flow rate, for example and 
negative pressure is generated as a negative pressure generating means is mentioned. 
Hereafter, such a venturi tube device is illustrated. 

[0029] A. As shown in drawing 2 (a), form bulge section 5b in the inner circumference 
part corresponding to the inlet 7 of a supply pipe 5 over the perimeter at one, and this 
bulge section 5b constitutes a venturi tube device. It is formed in the arc so that bulge 
section 5b may become thick gradually as the thickness of the longitudinal section 
goes to a shaft-orientations center section from a vertical edge, and two or more 
inlets 7 set regular intervals to a hoop direction, and are established in it at the part 
with the thickest thickness. 

[0030] B. As shown in drawing 2 (b), the converging section material 10 of the shape 
of a funnel prepared in the upstream of an inlet 7 constitutes a venturi tube device. 

C. As shown in drawing 2 (c), reduce the diameter of and extract nozzle 5a of a supply 
pipe 5, make the inner tube 1 1 which it let pass in the supply pipe 5 open an inlet 7 for 
free passage, and constitute a venturi tube device. 

D. As shown in drawing 2 (d), a throttle valve 12 constitutes a venturi tube device. 
[0031] By preparing a venturi tube device in a supply pipe 5 as mentioned above, in 
case the carrier gas which circulates a supply pipe 5 toward reaction chamber 1B 
passes a venturi tube device, negative pressure occurs. The metal chloride gas which 
occurred in chlorination room 1A is introduced in a supply pipe 5 from an inlet 7 using 
the negative pressure generated according to a venturi tube device. Thereby, carrier 

« 

gas and metal chloride gas can be mixed well, and a uniform dilution condition can be 
acquired. 

[0032] Moreover, the dilution ratio of the metal chloride gas by the amount of 
installation and carrier gas of metal chloride gas to a supply pipe 5 becomes settled 
with the magnitude of the negative pressure generated according to a venturi tube 
device, when the yield of metal chloride gas and the flow rate of carrier gas are set 
constant Therefore, while being able to control more exactly the amount of supply of 
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the metal chloride gas to reaction chamber 1 B, and the partial pressure of the metal 
chloride gas in reaction chamber 1B by using magnitude of this negative pressure as a 
controlling factor, particle size can manufacture the metal powder of the shape of 
superfines 0.5 micrometers or less. The magnitude of the negative pressure generated 
according to the above venturi tube devices is controllable by the narrow condition in 
a supply pipe 5. 

[0033] furthermore — according to the venturi tube device which consists of throttle 
valves 12 shown in drawing 2 (d) — the opening of a throttle valve 12 — the 
magnitude of negative pressure — getting it blocked — the amount of supply of the 
metal chloride gas to reaction chamber 1B — arbitration — and it is easily 
controllable. Therefore, particle-size control of the metal powder to generate can be 
performed more to a precision. 
[0034] 

[Example] Next, the example of this invention which manufactured nickel superfines 
using the manufacturing installation shown in drawing 1 is explained. With a mean 
particle diameter of 10mm which is start raw material solid-state metal nickel 15kg 
was made to supply and deposit on the perforated plate 8 of chlorination room 1A. 
Chlorination room 1A was heated at 1100 degrees C by heating means 3A, chlorine 
gas was supplied to chlorination room 1A from the chlorine gas supply line 9 by flow 
rate 4 Nl/min, solid-state metal nickel was chlorinated, and nickel chloride gas was 
generated. On the other hand, while passing argon gas by the flow rate of 2 Nl/min to 
the supply pipe 5 and feeding to reaction chamber 1B, reaction chamber 1B was 
heated at 950 degrees C by heating means 3B. This operation was continued for 60 
minutes and nickel superfines were made to generate continuously by reaction 
chamber 1B. 

[0035] Subsequently, the hydrochloric-acid steam and nickel superfines which carried 
out the byproduction at nitrogen gas and a reaction were led to the oil scrubber from 
recovery tubing 4b, and separation recovery of the nickel superfines was carried out 
Then, the collected nickel superfines were dried after washing by the xylene, and 
nickel superfines were obtained. Mean particle diameter was 0.3 micrometers, and the 
configuration was an almost uniform spherical particle and that of these nickel 
superfines was very quality. 
[0036] 

[Effect of the Invention] As explained above, this invention is characterized by the 
metal chloride gas supply line which supplies the metal chloride gas which occurred in 
the chlorination section to the reaction section having penetrated the chlorination 
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section, and does the following effectiveness so by this configuration. 

1. Since metal chloride gas is heated in the chlorination section, a deposit of the metal 
chloride within metal chloride gas supply is prevented. 

2. Since a heat loss does not need to arise and heat in the metal chloride gas under 
migration to the reaction section, consumption energy decreases. 

3. The simplification and miniaturization of equipment can be attained. 

4. Since chlorine gas is contacted in a metal raw material and metal chloride gas is 
generated, metal chloride gas can be generated stably, it is stabilized and the metal 
powder of the narrow high quality of particle size distribution can be obtained. 



